The Hamiltonian used in the present work is based upon a Linear spin-vibronic coupling Hamiltonian described in ref. [1, 2] . Briefly, it has the general form:
S2 Quantum Dynamics Simulations
We perform simulations within a density operator formalism of MCTDH [3] . Here the single particle functions are replaced with single-particle density operators. Here we adopt a closed quantum system, this is to say that no dissipative operators are included and only the core Hamiltonian described above is used. In this representation the Liouville-von Neumann equation for the system is expressed:
Electronic
Although the model Hamiltonian used herein is relatively small, for the density operator simulations the dimensionality of the system formally doubles [4] significantly increasing the numerical treatment of the simulations. The full details of the details of the MCTDH simulations are given in Table S2 and ensure convergence for the population kinetics for the entire simulations of 250 ps. The dynamics were performed using the model Hamiltonian described above. The computational details for the quantum dynamics simulations are shown in Table S1 and ensured convergence of the population kinetics shown in the main text.
